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(54) METHOD FOR SYNTHESIZING PZT THIN RLM AND METHOD FOR SYNTHESIZING PLZT 
THIN RLM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
securely synthesizing a PLZT thin film of a large area 
and high quality at the time of synthesizing a PLZT thin 
film onto a substrate of a large area such as an 8-inch 
Si substrate by controlling the composition of a PLZT 
thin film having a stoichiometric composition and also 
including prescribed values of La/(Pb+La) and Zr/(Ti+Zr) 
in a short time and also with high precision. 
SOLUTION: In the method for synthesizing a PZT thin 
film onto the surface of a substrate by an MOCVD 
method, the ratio of a plurality of organometallic gases 
which are the precursors of Pb. La. Zr and Ti composing 
the PZT thin film and to be fed to a reaction chamber is 
measured by an ICP mission- spectrometer before the 
start of CVD and/or in the process of CVD, and on the 
basis of the measurement result, the flow rates of the 
organometallic gases are individually controlled. 
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(57) immi 

tf'NO) p L z T jSSK©^fi6f=iRLr. it^smmm-c. 

A^-O, Bf^<OL a / (P b + L a) tSJ:lfZ r/ (T i 
+ 2 r ) <D<S$#t; P L Z T»mo>ia^^S^rBll::A^o 
SSJ:<®lfflI-rSCi:ICJ:y, *iS«A^-3fia«) P L Z 

[^St^S] MOCVD^|C<fe-Dr»tg±ICPZT^ 

b. La. Zr» T i (DJfeigfrrfcy, Rtt;Sl::««&* 

SSfllt^r. cvDOMSSmr*J.ti^/^fci*cvD*l= 
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t^r, cvDfl)iiii&i!rfcj:i;/*fci*cvDt*>i=aa^ 

[W*«2] MOCVDa{Zj:orStS±lCP LZT 

sM^^jiE-rs^aicfcur. PLZT^ffi^^fiE-rs 

Pb, La, Zr, T i <D5tffi(*-^fey, SJeSlcStlS 
**iS«[»<D*«*M:tfX<0;:i^lk*. I C P|l3t«-2te 

3S»^fi'!i (=iis-r -5 * o 1= Lfc ;z t t r ^ p L 

[O 0 O 1 ] 

ffiU^f=^b^afflfiESajl=J:oT, PZT^K^fcttPL 
[O O O 2] 

[St*©aii&] PLZTC(Pb, La) (Zr.T 
I ) O3 3 P b T I O3 Sllg-^ P Z T C P b 

(Z r, T i ) 03 D SIM'S ^Stt, E« 

^ifijfflLfc*nii-b:/-9-, mm-b^-y-. ls i:i^»i614 

•fX'srojSffllclBL. P L2T^M©$ilHJ^J5Ea^B^5t 
[0 0 0 3] Birffi;^/<-y^^^U— 9'7:/H'->a>ai 



[0 0 0 4] ±aLfc&#a©^?js*«*-r«t.«)tu 

T, MOCVD (Meta lorgan i c Chem 
ical Vapor Deposition) S^Jb^MB 
1#**1.Tt^-5, COJMOCVD^Ii, H^tJi-S^St© 

*1±-5fitW-efc^. PLZT»K(©<fedlc, ^Tbm^-^ 

■cfey, is«jigi=tx/<-y^«^^f u— tfr^ru-fi/a^ 

a * y :^ # L^ i: l> o fci^S A<fe i) , 
[0005] l\/IOCVDaf=«feo-CP LZT 

»is*^riE-r««^, pLZTjiie$«fiK-r«Pb, l 

a, Zr, T i 5^-^l^il#t?^a*S<b^!|^A<aiiei® 

(v-xjs^^) tLT^ffl^+L-s. -laic, v-xn 

ea•T?:*:^L^^mff^WL, 50O~7O01C<D 

sj£L-cL*t\ enb<«a<ofe (latst*:) At^^-r-sm 

L<^<b*-t±-5c:i:(='B:-5o 

[000 6] IVIOCVD^Oi^SO— SMSatt 

L^fcg!gg<DLS I T»flttp'^yi=lBffl-r'5Jg^, fife 
<D^^I-'5:L>fiJ^-efe'5. C<0RgaS1±l*» CVDH 

* o r t I64b-r s c 3&«a c>*i.r 

C0007] MOCVDa£l-<fco-CPLZTjgS^&fi£ 

a, z r, T I ^•?-*i^*i.$t?*a*a<b-&«!iA<ata't> 

[O O O 8] 

[ai] 
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c V D^m 








m-m. 










CO) 




(X) 




(kcal/mol) 






Pb(CjH,)4 


-136 


-15 


450-650 


— 


18.3(12.5) 


& 


& 


Pb(CiiH,i«t)t 


131 


130 


350-600 


+ 


12.8 






Ti(i-0C.HT)4 


20 


30 


250-600 


+ 


9.9(7.2) 


& 




Ti(CiiHi.Ot)tClz 


128.5 


130 


650-750 


+ 


35.0 






Ti(CiiHiiOi)z0-0CiHT}2 


123 


90 


450-650 




19.6 


m 


& 


Ti(C„Hi.O>),(0CH.)< 


80.1 


90 


450-650 




20.7(13.6) 




A 


Zr(Ci.H.,0>)4 


16S 


170 


500-650 




24.0(18.5) 






Zr(t-0C4H,)» 


25 


35 


250-550 


+ 








La<CiiHi>02)> 


260 


175 


500-650 
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m—m^MS.I&^ -:fi&<ctV att<bx*<H,4^-:l33Pa. ( ):667Pa 



Co 0 0 9] t:iiV. PLZTplK<DJSi$^(i. —B 

(Pbi-yLay) (Z rx T i 1-x ) O3 
"(k^filraiafiEa) (Pbi-y Lay ) / (Zrx T i 

i_x) =iA«s&s-cfey. ffli^i=*oTBtrSxfe<fct;y 

a)fii*<ffSicMlS*tSo ■(b^«iiiffijST?'&t> p L z T ^ 

[0010] ^z-c^ awt^«iai£<DPLZTjSis* 

f5<5-fi6MJ&:&ai: LT. P L Z T^M<7)SS<bA<en 
^igiS (5 5 0°c) J: V^l^ig^-eP^L, S(&Ml^<D 
E**6 6 7 PaeiT-C— ^IC-r*. PLZT» 
IS*««-r« P b. La. Z r s T I <D*a&B<b^1» 

S$*ifc35a©^A''J7'*';^ (flfl^isrynj^^x) ^ 
^ISJR^-t^i-ftiJRS Lfc«!»tti(zgs-r c 1= * oT. 

X) *stt;Srtic«i&-r'5ci:*<-e#«, zo^-^, m 

[0 0 1 1 ] ±Efl):*^<-J:orS(EMrtJ~«lt&**tfc 

/s i 02 /s i ■V»P t /Mgo/Sif) a®±-cs(£ 
L, Cfl>S«aS±l=PLZT3M6<^Sf -5. z<0^ 

»«rsa (EDx) ismx-m^^ii. m^oi^mi-u^ 
[0012] 



SJfrffJh-Vi. S^P.gSglCcfc^V-xliJ^<D'*^b^«:i: 
l=±-rs. *f=, P L Z TSIISfl!)^^SS-¥>SJiSMl*ia> 
S.^tj:i£-^mSkifi^^^liL^t P L Z T»ISO!)|§fiEl**S 
<^i!|-r-5. 

[0 0 1 3] -m.{~. MOCVD^Ii. x/<v^a-^u 

««i$fflt^fcis^. pi.zrmm<Dmmmmit. 20 n 

m/»fr4Ci:36<-C^. ®^T/Wx-effll^P>4x4P 
LZT}tK©SJ?2 0 0 nmS^SIZl*. 1 0»©ltm 

^PbI^H-T-So •?-Lr. EDXIzJ:^|a^iJ-;Bf»c3jtii o 

m&-c^oztii<x^. it«»s^[a-efflfiRSEHia)*^iE 

[001 4] LA^L'5:A^?>s P L z T^K<D$ai*^l!i<7) 
i:«cS. -r'5:t>i&, PLZTji|g«)^fi£|fe1*36<|gi:T?fc 

j&s*^?). 8-<>^s i »isi-fcit-5«aiigi*, 2-r 
iSfir=teit4itjBigSfl)i/i 6, -TJif^j^b, 

1. 2 5 nm/JJ't'Sy, 2 O O nm<OP LZTSIUS 
^-50)1^ 1 6 0^J<DitS^rBl$S-r*Ci:tJ5:^, Lfc 

[001 5] tZi-Q. 8-f>5^S iSfilZJtJBLfcP 
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<D36g* ii-¥>-r t sjfrMrtoff **±if s c t ^z13i y as 

iliSa^t?, m^©La/ (Pb + La) iSJ^lf 

Z r / (T l+Z r) (DM*^t?P L Z TSK<D«iBE* 

fia<D P Z T^M^ fcl* P L Z TSM$ltlllC^fi£-r -5 

[OO 1 7] 

«±l=PZTS]l^^^■r-6:5a&l=*3t^T. PZT^M 

$«j*f-5Pb, zr, T 1 a>5feffiflE-efey» sjtaic 

»3t^M$fflt^T. c vDa>iijiSfrfcj:t;/*fci±cv 
D^^icsisL. zoimm^m-m'^i.^xttsmmm^mii 

[00 1 8] ^Lx. m^^2izm^mmxtt. moc 

V DaicJ:^TStfi±l= P L z T^M^^fiK-rS^aic 
fel^T, PLZT^K$«^-r-5Pb, La. Zr. T 

**X(0;1-&it5. I CPfB3fe5)-3tgS^ffll.^r. CVD 
a>liSS|tr*JJ:0:/*fcl±cvD4'l::a«SL.. com^m 

mz&'3^,^xm^mm^mii^(D^ai^:m^ izmmr^ 

tool 9] :i<D§^mit. MOCVDa&|rJ:oT8-0 

is*^fie-r4:&ai=*iLxT, PLZTSiK*«j*-r«p 

b. La. Zr. T i «)5feffi«:-C&SSaa)*«*a** 

^?.a);1^iti: P L Z Tslffi(cfc(+-5ja^iki:<7)FBl(ctt. 

(DX'tb^o 
[0 0 2 0] 

#BSL'5:A<e,ifteS-r€>. ccD^^OPLZTsI 

—m^&mmiz^-rtm-c^ ccDHiztei^x. i(*pl 

ZT^M^J^^^-B-'SfcitXDSJSMt?. ^<D±^mit. 



TSSflSli, i»5l7K>:^3feJ:i;Sf#Xfli3aSS4*fii 
[0 02 1 ] i![IfiSl£^1 I*. -trortSiJICl*. PLZT 

mm^mm-ti>tzit(D&m. m^itpt/s 02 /s 

E^ifCfcy. 9(*SJSS1 ^/N'-Y/^X-r-S^u^T?. s 
l£Mia>iS<'±3ftiHI-^>-^*:h-5iaiB#1 0<D±3iE«l<Z) 

i:a)rai=j*«i**tTfey. atgisgtn 4i:* 

[0022] mria**xfiti&K2i*. m&omiSi^misx 
tii^ismtmt LX(Dmm±'x^m-^Lfzvtmx'&f^m 

It&HTL^S. S-r. 1 5I±V— XJI^M^b^fT?. 4 3 

S(D*ii^a**x $fg*-r -5 4 o<D v-xji^a<bs 1 

6~1 9A>e)^€.o #V— XHil^^^blll 6~ 1 9IC 
I*. ^jS-r'5S2l=^-rj:5f=. Pb <C2 H5 ) 4 . 
La (C11H19O2 ) 3. Z r (CHH19O2 ) 4 ^ T 
i (C11H19O2 ) 2 (OCH3 ) 2 A*V— XHi^i U 

xitsLm^iiittt^biz. ^v'JT**x (Wx.if r;u:J> 

^X) *»A-r-5f=«)<D^-\''JT^xgt»2 0~2 3fc 

cfeiXv— xHi^S'TbSli 6~i gizfeLNrtirlBv— xji 

^A<^^b3F^^T^gE^^^*. Pb, La, Zr, Ti* 

th-r «fcit><D*«*M**XSSl»2 4 ^ 2 7 A<ft^**1.T 
LN^. ^f=. 2 8~3 1(*. Wii#B**X.3EK2 4~2 

[0 0 2 3] -eur, 3zit=^^r'jTi3xmm.^m» 

■Qs ^•V^yT^fxgaK2 0~2 3fcJ:i;:tfX«J&»2© 

— ^ 3 3~3 76n&^4. CKDVX^P— a> ho— ^ 
3 3-«-3 7l*, P«>&H55li«l8-rSA<, ^-tt^ti. a 
(*3itg-b:^-9-SSi:Stt:^»$?ffil/\*;u:?tANe,'S:y, UBS 

20'«'2333*i;*'X#tSSK2<DBiri5-7X7P— =l> h 
P— ^3 3~3 7 J:y±^giEffl|cl*. 7'/l'=i'>**X?H>'< 

[0 0 2 4] *fc, 3 8l±**Xtt*S»2a>V-XlS«Sl 
<bSPl 5 J:yTSt{ffll-i6ltt>tt.5iBK#Tfc4c 3914 
:^-Xtt^K2 ^Sit*iS^®^a**X(rK<b»li: LT^^ 
**X$aA-rSK^^A»7?. raiB*4 0A<^ltf.ih., 

3 S<DTSl<DMlA 1 l=tet^T**XttJStt2l=filS**iT 



(5) 



2001—21 4270 



[0 0 2 5] A2^ttmm^.&,3S(^}ii:Kmi^ 
^2^<DmmM4^ ti^y^mi^^2<J>mm^^ 1 torn 

b. La. Zr, T i $^*t-e*V#tJ^«^a*fXi^ 

::<D^f:^S^ai4 2(=*si>TS^**tT*« 

[00 2 6] CC*-e<»1tl3£(i, tS3)5(DP L ZT^K^ 
^Jfi-r -5 © M o c V D SaolifiE i: 3g4:> 5 i: C ?) 
jECI^ CroSgW-Cffll^-SMOCVDSai*. 3J?a)J:aiC 

[00 2 7] riSit>-^, :tfX«$gjS2 0>**XS^S?4 2 

'J ;^^^-r«fc*©35»4 4Atsia*ti.. :i©-y->:^g > 

^SFiK4 4(=l*||ffl#4 5^^>Lr I C PSl3fe^j-3t^M 
4 6A<S«tt)*vrt^«. CCD I CP%3fe^}'3tS«4 6 

•5. '5:33. mrffiV— Xlg^^m^bSSl 6~l at^^RSo^ 
1 (=SS**Xtt$&K2fcJ:i;**X«l&K2 7!)x& I CP^ 

LT&y. c*vi=cfe-3T0a^iS2 o otsizira^^+i. V 
— xif^^a-fbsi 6-1 9ic*5t^ra<bicj:or^i:fc 

C0 0 2 8] -E-LT. A7\t^^±w^mmri,^^vi 

mM^ 4©aj*-\?> 1 cp^3t^j-3tSM4 6i=<fcsa!i^e 

#iaiB#i O, 13, 28~ 
3 1, 3 8, 4 0, 4 5©|BIH««»*ffofcy. * 
(i. I CP*3t»3feg«4 6lCck^;HSeill=»^L^ 
#-vyT**X3SEaSyj9S53 2<D#-7X7P— a:/ h 

p-^ 3 3 ~ 3 7 1=« L-cBrS©*!iiani^sffiA-r -sa 

[00 2 9] JSfc. B5laiflffl#1 O, 13, 28~3 
1, 38, 40, 45t LT(*. Wjtlf^aEI-J:or 

CO030] J3?l=. ±2(0* 5 Jh,fcMOCVD 
^fi^fflt^T P L z T^K^ ^j$-r •S:&a£a>-e9l::otx 

O, 40, A5^mCi>ttHz, Baffl#1 3, 28~ 

3 1, 3 8$^ia#s ?ail>K>:^3$iSft*t!--S, 40© 

V— :^Jlfi^<bSi 6~ 1 9rtizj3L^ri±. Pb (C2 

H5 ) 4 , La (C11H19O2 ) 3 - Z r (CnHigO 
2)4. T I (CnHi902 ) 2 (OCH3 ) 2 

* y S{b P b . La. Z r , T I ^^H-^if^ii^ 

[003 1 ] ltrlBtt®-e. -^X^D — a>hP— ^3 3 

~3 7$$«WLr. ^^<D/«;u:^^M< ::ti-*y, r;u 



=r>*;^.*«+•^y7'*^;^i:LTv-xJl^s^snb»1 6~ 

1 9f=«J&**t4i:tt,(=. ^fxttm2$aSE*iS. ^• 

Lr. V-XJl!i^^^bSl 6-1 9 |*9<D^«5feH**XA< 
T7U:J>*'X(=J:-3r*';^ttJ&K2l-^a$*t. 

•&SP4 2:^faiics5tLi>o 

[0 0 3 2] ^LT, nu'^^m±miS7.it. **XS^ 
ai4 2irAy. *ti^«s^#xt;s:y. /W/<xisi^ 

:i*tA<s«ttffiic^-r5t. g§w#i 3, 3 8$EBi:. 

MIB#4 0, 4 5$gal,^•C. T;U=f>*rxlcJ:y^Xil 
^SP4 2i^(D^«&S:l^:tfx$ I CP#g3<t^jlfe^S4 
6(C3aiy2,t;„ CKD I c PfE3t5J'3fe^M4 6(=fcCNT 
I*. BirlH*«^«jl^ **x 33 It ^IgSt 3b*x 
<D;-g^tbA<a)£$4rS. wO)«^. I C P^jt^jtSM 
461*. O. 1~0. O 1 p p bi:t^5 J:3l=lf?S(=B 

tffii<>T!aST?<fcL'>A^e.. Btri2#iaiB#<o§BHiii{^i* 1 

Co 03 3] ^-tr. «5IB I CP5e3t5}-3t^e4 6(cj: 

•5*«i^B5i^**xic33it-i.«ifca)*«^s*rx<Djg^ 

VX-7P— a> hP— ^3 3~3 7icit L-CBlf^a)*9(9 
{i#A<tiJiJ^F*t-S. c:<7)«^*g(tfcS--7X7P— zi> 
I- a— 5 3 3-37 IC jSt^TI*. Si**:3KS*iW/Ou:?4< 
fiff^rolflieir^fy. ^VUT^'Xt LTOTybrJi/^'X 

i^rajS^F^t?., c:*tP>T;u=r>**x35m<DPis. 

^a*'X©f6i. I CPf63t5J-5felSS4 6lcfclt5tiria 

I ^ « Rff ^ fit i L < 5 * -e ^ y s * *i * , 

[0 0 3 41 Bt)IH;1^JtA<mSfiii:lf LOSr-St. IBffl 

#4 5^ifli:. HH#io. 3 8$iBt^T. mm±mm^ 
■&#x*jRj£Si i=3iya». «x.ii6 5 ot5i=»i^$ 

*VTt^SS«6±(CP L Z TPIS*lt«*#So 
[003 5] CC-C. CrolSI^CDPLZT^^O^fiE:^ 

^(z33(ts^a<D^i*©-ca^5i^i:. v-xn^aib 

Si 6-1 9lc-€-tl-ettJte§**lSV-XJlS<7)ajHf> 
V— XJl^Sg. V— Xll^M<bSI1 6-1 9'^<D*V 

UT**xzsai*. TiEa2iz^-raycfes. 

[O O 3 6] 
[S2] 
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V 

w rr IS" M 

✓ /Si -rr 


[10] 


[nL/mm] 


Pb(C.Hs)4 


- 15 


80~120 


La(GiHi.Ot), 


175 


20 — 40 


Zr<CiiHi/)t)« 


165 


30~5 0 


Ti(C.,H,.0<),(6CH.), 


90 


30~50 


^^'i^^^S : 400[mL/min]. ® 
^0)^:^3 : 665 [Pa], StgSig 


;: 650 ra 





[00 3 7] O^y. V— XJ13^m<b|g1 6~1 9'^(D 
^■VU7**X3!E4$2 0~1 2 0mL/mi 
l&K2*gE*l*±ifX3iEg*4 0 0mL/m i n, 

Si rta)ff:*^*?i4 O O P a i: Lfc, 
[003 8] ^-LT. SJSMi lcK***Xi:i:t(c3IA 

6 5 0^(Z*nil**l.fc»«6±{-PLZT^JSi: LTlt 
aS-l+fco crop LZTjllMO)ll^3!)<Wxli2 O O nm 
I-^Lfcft, C*i.$SJSMl A^&BiyffiL. PLZTiS 

ma}|&^$EDx(=j:o-c3!l£Ly-=. cia>«^a>sil£^ 

SI*, fri^Lfcl CP*3fe$J-3tSa4 6lrJ:-5*a^B 

[0 0 3 9] *fc. a-f >f^fcL^ofc*BS»« 

IZPLZTl»ia*}gjS-rSJi^. PLZTjSKWttfifclE 
11(01 Isl<35^*jEIC3^^B^^,SLTL^fc6^ CCDSSB^CDP 
LZT»ISO^fi)c^a^fflt^-5Ct(Cj:y. fll*^5»T' 
fSflE $?TX. -S J: 5 1- JEE o t=, 

[0 0 4 0] fcC^T?. PLZTSIIgtt, g^n^-bV-y- 

'S:ffl^lcfflL%St$(i, PLZTslKli, 2~5//mi: 

t^a j:ai=*^fty<Dii»i=-r*!&SA<fc4. c«©j:a 
jfe, ra<o-&fiE(ci±, mrie^PBiJ:y«^PBi$M-rsA^ 

Cfl)^13<D^^^^lc^*tlf, 5t3fcJ:y4.l±'5AM=S^ 

[0041] ±5S<DlllS<D}g®|z33l%ri*, P L Z TSi 
S^m^-rSPb, La. Zr. T i (D5feS<*-t?fey. 



CVD<D§i5&ttri-H^-r-5<fe5l-L-Cl^f=A<, C*v(cft 

IBSSIirfc J:t;/C V D * icfif 5 * 5 1= LT t J: L^, 

[0 0 4 2] ^-LT, ±aa)lllS(7)^eal(-fcL^XI*, & 
«6±1rp LZT»M*^fiK-r«t,«)-ca5ofc3b^ CO 
fg?«l*c*i,l=(S&*i.-5tfl)-CI4'5:<, S«6Jtl=PZT 

mm^-^mr 4. is»i=affl-r <s c t js^t? # 5 , 

•€-<Dli^, PZTSffitt. Pb. Zr, T i $^tr4,<0 
•CfeSA-'C,, V— XHft^^bSl 6~1 90)5^, V— 

xii«st<tsi 7icv-xJS«*J|R§-ii-r, T^uzf:/** 
X0[>|&K*f»jfr-5J:dl:if tvlf J:t^ C<D«^, lilffi 
P b . Z r , T i ^ ^tr*«S^B;1^**X<0jl$Jt<Daj 
CVD<DgBS&B(rfc<fcI//^fc(±C VD^^'IC^T5 J: 

[O O 4 3] 

I*. MOCVDaizJ:or»«Jil-PZTfS^^fcliP 
L2TSIIB*^fi£-rS**l=*JL^T, PZTSIK*f=l* 
PLZTjiK*«fi|-r«»P b. Zr, TiSfcliPb. 
La, Zr, T i <D5tSt*:T-fcy, 

ffli^r, cvDoiij&B!rfej:i;/^fci*cvD(|j|=ajs 

J|E(::tel>TI*, 1 l5|(D««^^jElz|^3^Hi:t^ofcS^ 
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[0 0 4 4] ^-Ur, C<D^fa-^^lt. CVD<DMJ&ltr 

e>. friB p z T mm-^tzit plzt mm<j>mmm.miz 
•5. 

[0 0 4 5] ^fc. V— LTii, ±lBa2iz33 



[@i] ca>fig^:^3^(Diii&i=ffit>£MocvDsa<o 
[^•§^a)|jil§] 

1-sjcM. 6-ss, 4 6- 1 cpse3t»3t^a. 
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